The first report, as a result of work with the electron microscope, of cytoplasmic inclusions in cells of Saccharomyces cerevisiae having the characteristic ultrastructural features of plant and animal mitochondria (Palade, 1953) was published by Agar & Douglas (1957) , although the characteristic cristae are barely discernible in their published micrographs. Later electron micrographs of cells fixed in potassium permanganate published by Vitols, North & Linnane (1961) show characteristic mitochondria about 0 5 , in length in aerobically grown S. cerevisiae cells. Linnane, Vitols & Nowland (1962) have shown that, in the yeast Torulopsis utilis, anaerobically grown cells do not contain characteristic mitochondria or cytochromes; the cytoplasm of these cells, however, contains a reticular system of membranes, vacuoles containing electron-dense granules, and concentric membrane systems resembling myelin forms. The aerobically grown cells, however, show characteristic mitochondria, no reticular membrane system, and vacuoles with far fewer and lesselectron-dense granules. Heyman-Blanchet, Zajdela & Chaix (1959) claim to have isolated mitochondria-like structures from anaerobically grown yeast cells, but we have failed so far to detect any mitochondria in anaerobically grown S. cerevisiae cells by electron microscopy.
Slonimski (1953, 1955) and Tustanoff & Bartley (1962) have shown that S. cerevisiae cells, when grown anaerobically with glucose as substrate, lose their capacity for oxidation. When this anaerobic yeast is incubated in the presence of oxygen and a low concentration of glucose, respiration develops. Under the conditions of Slonimski (1953) respiration develops gradually over several hours; under the conditions of Tustanoff & Bartley (1962) (66 mm) and the substrate was glucose (33 mm), ethanol (100 mm) or acetate (100 mm). Casein hydrolysate (6 mg.) was added to each vessel when the cells had been grown anaerobically. The final volume was 3 0 ml. and the centre well contained 0-2 ml. of lON-KOH and filter paper. The yeast was added to the side bulb and tipped into the reaction mixture after temperature equilibration, and oxygen consumption was measured. The dry weight of the yeast was measured in a twice-washed suspension by drying overnight at 105'. Samples for electron microscopy were taken at suitable times.
Preparation of cells for electron microscopy. The cells were harvested by centrifuging and prepared for electron microscopy essentially as described by Thyagarajan, Conti & Naylor (1961) . After being stained with permanganate and fixed in 2 % (w/v) osmium tetroxide the cells were dehydrated in an alcohol series, treated with epoxypropane and embedded in British Ciba Araldite. The blocks were polymerized at 600 for 2 days, and were then sectioned at 50-80 m,u on a Porter-Blum or LKB ultramicrotome. Sections were picked up on bare 200-mesh grids, stained by floating them on Millonig's (1961) lead solution and examined in a modified Siemens Elmiskop I electron microscope (Meek, 1958) .
Cell disruption. Yeast cells (20%, w/v) in water were disrupted in a French pressure cell at 7000-8000 lb./in.2 with a Wabash hydraulic press. The suspension of disrupted cells (10 ml.) was layered on 25% (w/v) sucrose solution (20 ml.) and centrifuged for 10 min. at 500g to remove cell walls. The upper layer was removed and used for measurement of enzyme activities. All manipulations were carried out at 00. Awalytical methods. Glucose was determined by the glucose-oxidase method of Huggett & Nixon (1957) , ethanol by the method of Bonnichsen & Theorell (1951) and acetate by a method essentially as described by Serlin & Cotzias (1955) . Protein was determined by a modification of the biuret method made by Professor Utter.
Measurement of enzyme activities. Succinate-tetrazoliumoxidoreductase activity was measured in the disrupted-cell preparation before centrifuging. All other enzyme activities were determined in the upper layer remaining after centrifuging. Cytochrome c-oxidase activity was measured at 250 with a modification of the method of Minnaert (1961) .
Cytochrome c was reduced by an equivalent amount of ascorbic acid. The reaction mixture contained 2-4 ml. of 0 I Mpotassium phosphate buffer, pH 6-9, containing EDTA (1 mM), 0.1 ml. of reduced cytochrome c (6 mg./ml.), 0-15 ml. of bovine plasma albumin (10%, w/v), the cell suspension and water to 3 ml. The decrease in extinction at 550 mn was measured every 15 sec. for 3 min. The extinction of the completely oxidized cytochrome c was measured after the addition of K3Fe(CN)6 solution. NADH2-cytochrome c-oxidoreductase and NADH2-oxidase activities were measured at 250 by the methods of Green & Ziegler (1963) . Succinate-tetrazolium-oxidoreductase activity was measured by the method of Pennington (1961) . The incubation was for 20 min. at 350 and sucrose was omitted from the incubation medium. Isocitrate-tetrazolium-oxidoreductase activity was measured by a similar method. The incubation mixture contained 0-1 ml. of 0 5M-potassium phosphate buffer, pH 7-4, containing semicarbazide hydro-
the cell suspension and water to 3 ml. The incubation was for 20 min. at 350 and the reaction was stopped by the addition of 1 ml. of 2N-HCl04. The formazan was extracted into 4 ml. of chloroform and the extinction was measured at 497 mn,. RESULTS
Growth of yeast on different glucose concentrations.
After 12 hr. glucose was absent from the medium (see Table 2 No. of generations 7-6 7-6 7-4 9*4 9-0 8-5 7.4 9-1 9. The anaerobic yeast cells contained few membranous structures. By contrast many extranuclear membranous structures can be seen in the respiring yeast; none of these, however, appear to be mitochondria. The vacuolar area contained one or more densely staining bodies having the same appearance as the dense granules in mitochondria described by Novikoff (1961) .
The relationship between the development of the changes in cell structureoand the development of respiration was investigated at 35°. After successive intervals (0, 15, 30, 75 and 90 min.) After 36 hr. of growth ethanol and acetate were consumed in all but the medium originally containing 5-4 % glucose. There was a decline in all the Q' values (except for the Q' value with ethanol of cells grown on 1 8 % glucose) and respiration when tested with acetate as substrate ceased.
(b) Enzyme changes. Table 2 gives the activities of cytochrome c oxidase, NADH2-cytochrome coxidoreductase, NADH2 oxidase, succinate-tetrazolium oxidoreductase and isocitrate-tetrazolium oxidoreductase in the aerobically grown cells.
After 12 hr., when all glucose had been consumed, at the end of the period of growth on glucose the respiratory enzymes had low activities in spite of the vigorous oxygenation of the cultures during growth. The initial glucose concentrations present in the growth media affected the activities of the enzymes. Thus cells grown on 5-4 % glucose had about one-half the activity of cells grown on 0 3 or 0-9 % glucose. The activities of succinate-tetrazolium oxidoreductase and isocitrate-tetrazolium oxidoreductase were low, especially in the cells grown on the two higher glucose concentrations.
After 24 hr. of growth (12 hr. after the consumption of glucose) when acetate could be oxidized and mitochondria had appeared the enzyme activities reached high values. Cytochrome c-oxidase activity increased by about 50 % in the two media which originally had the lowest glucose concentration. In the other two media the cytochrome coxidase activity fell. With all the other enzyme activities the cells grown in the three lower glucose concentrations showed increases of two-to eightfold in the activities of their oxidative enzymes.
The cells grown in 5.4 % glucose showed only small increases in enzyme activity, the greatest being a fivefold increase of isocitrate-tetrazolium-oxidoreductase activity. Activities were higher with lower glucose concentrations.
After 36 hr. of growth all the activities (with the exception of those of cells grown originally in 1-8 % glucose) declined markedly, the greatest decline being with the cells grown on the highest glucose concentration. DISCUSSION S. cerevisiae is an organism able to utilize many substrates for its growth. Thus it requires great plasticity of its enzyme make-up. From the experiments described above and those of E. R. Tustanoff & W. Bartley (unpublished work) and Strittmatter (1957) it appears as if it is the nature of the carbon source utilized rather than the presence of oxygen that determines the type of metabolism. The work described above shows that complex structures such as mitochondria are produced only when the substrate presented makes this necessary. Ephrussi, Slonimski, Yotsuyanagi & Tavlitzki (1956) have described changes in the structure of the yeast cell during the growth cycle, and Yotsuyanagi (1962 a, b) has described changes of the mitochondrial structure during the aerobic growth of yeast and comparative studies of mitochondria of normal and of respiration-deficient mutants of yeast. Linnane et al. (1962) 
